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EFFICIENCY  AND  CAPACITY  TESTS 

OF  A 
SMALL  GASOLINE  -  ELECTRIC  SET. 

OBJECT 

The  purpose  of  this  thesis  is  to  deter- 
mine the  gasoline  consumption  and  the  mean 
effective  pressures  of  a  small  gasoline  en- 
gine. By  a  series  of  tests  the  effect  of 
keying  a  fly-wheel  to  the  generator  was  noted. 

The  experiments  were  performed  in  the 
gas  laboratory  of  the  Mechanical  Engineering 
Department  of  the  Armour  Institute  of  Technol- 
ogy* 

ENGINE 

The  engine  of  the  poppet  valve  type,  with 
the  valveB  in  the  head,  was  manufactured  by  the 
International  Harvester  Company.   It  is  rated 
at  one  horse-power  at  600  revolutions  per  min- 
ute.  The  diameter  of  the  cylinder  is  3-5/8", 
with  a  stroke  of  3-15/32". 


GOVERNOR 
The  speed  of  the  engine  is  controlled  by 
a  governor  operating  on  the  "hit  or  miss"  prin- 
ciple.  The  governor  of  the  centrifugal  type 
is  suspended  from  the  shaft  of  the  fly-wheel. 
A  hell-crank  is  actuated  inward  and  outward 
by  the  action  of  the  governor  balls.   The 
function  of  the  bell-crank  is  to  catch  in 
the  arm  of  the  push-rod,  actuating  the  ex- 
haust valve,  holding  it  open  when  the  desired 
speed  of  6<J)0  revolutions  per  minute  has  been 
exceeded.   Air  is  then  drawn  into  the  cylinder 
on  the  intake  strokes  through  the  open  exhaust 
valve  until  the  speed  is  decreased  sufficient- 
ly to  allow  the  bell-crank  to  release  its  hold. 
The  intake  valve  is  automatic.  The  resistance 
on  the  valve  is  a  light  spring,  the  t ersion 
of  which  can  be  regulated  by  lock-nuts.  When 
the  governing  mechanism  holds  the  exhaust  valve 
open,  the  intake  valve  remains  closed. 


■IGNITION 

The  ignition  of  the  engine  is  by  bat- 
tery and  a  coil,  manufactured  by  the  Hew  York 
Coil  Co.,  is  used.   One  of  the  terminals  of 
the  coil  is  connected  to  the  battery,  the 
secondary  is  connected  to  the  spark  plug  and 
the  interrupter  is  grounded  on  the  cylinder. 
The  diagramatic  outline  of  the  ignition  system 
is  shown  in  Fig.  1,  page  17. 
PRONY  BRAKE 

The  Prony  brake  is  light  in  construction, 
consisting  of  two  blocks  sawed  to  fit  a  pulley 
fastened  to  the  crank-shaft  by  set-screws. 
Holes  for  lubrication  were  drilled  to  prevent 
it  from  binding. 

CLEARANCE  VOLUME 

The  clearance  was  obtained  by  placing 
the  piston  on  its  head  end,  noting  tht.t  both 
valves  were  closed  and  water  tight.  A  known 
cubical  content  of  water  was  poured  into  the 
clearance  spaoe,  using  a  graduate. 
PRELIMINARY  RUNS 

Before  starting  the  runs,  the  engine  was 
cleaned  thoroughly.   The  valves  were  ground, 
and  the  tension  of  the  springs  operating  them 


was  regulated.   The  gasoline  tank  was  placed 
on  a  scale,  which  read  to  one-hundredth  cf  a 
pound.   The  connection  between  the  gas  tank 
and  mixing  valve  was  made  by  a  rubber  tube. 
The  mixing  valve  was  removed  and  cleaned  and 
the  needle  valve  was  adjusted.  A  few  prelim- 
inary Prony  brake  runs  were  na.de. 
VAIVE  SETTING 
Increments  of  10  were  stamped  on  the  rim 
of  the  fly-wheel,  by  means  of  a  tape  and  plumb- 
bob.   The  time  of  opening  and  corresponding  clos- 
ing of  the  exhaust  valve  is  regulated  by  a  lock 
set-screw,  in  the  rocker  arm,  which  presses 
against  the  stem  of  the  exhaust  valve.  By  in- 
creasing its  length  the  valve  opens  early. 
Runs  were  taken  with  the  valve  open  12°  early 
and  closing  at  148°.  A  brake  horse-power  of 
1.53  was  obtained.   The  valve  was  allowed  to 
be  open  earlier  by  increments  of  10°,  until 
62°  early  and  a  198°  was   obtained.   The  maxi- 
mum brake  horse-power  in  all  trials  remained 
approximately  at  1.57.   The  best  result  obtain- 
ed was  with  the  valve  opening  at  50°  early  and 


closing  at  186°.  Brake  load  tests  I  and  II 
were  then  made.   Pages  21  and  22  contain  the 
tabulated  data  and  pages  31  and  32  the  plotted 
curves. 

GENERATOR 

The  generator,  numbered  19576,  is  compound 
wound  with  a  voltage  of  115/120  and  amperage  of 
7,  manufactured  by  Roth  Bros.  &  Co.,  Chicago. 
The  rated  speed  is  1650.  The  load  on  the  gener- 
ator was  obtained  by  using  a  lamp-rack  of  sixteen 
incandescents  connected  in  parallel.  The  voltage 
was  controlled  by  a  hand  rheostat  field  regulator. 
A  Weston  voltmeter  (0-300)  was  used  across  the 
line  and  a  Weston  ammeter  (0-15)  was  placed  in 
series.   For  diagram  of  generator  winding  and 
placing  of  instruments  on  the  line, see  Fig.  2, 
page 

TESTS 

Tests  were  made  with  the  eleotric  load, 
with  increments  of  three  lamps,  from  0  to  13, 
but  the  results  were  plotted  for  a  load  of 
twelve  lamps,  as  this  was  the  maximum  that  the 
engine  could  carry.   The  runs  were  made  with 
a  duration  of  from  5  to  10  minutes  for  each  load. 


noting  duration  of  run,  amperes,  volts,  gaso- 
line/per time,  explosions  per  minute,  and 
revolutions  per  minute  of  engine  and  generator. 

FLY-WHEEL 

A  draw-back  to  the  use  of  small  gasoline 
engines  operating  with  a  "hit  or  miss"  governor 
is  the  flickering  of  the  lights  which  is  oaused 
by  the  voltage  increasing  and  decreasing  every 
time  the  engine  hits  or  misses.   In  order  to 
eliminate  this  annoyance  a. fly-wheel  shown  in 
Fig.  4,  page  20  was  designed,  built,  and  keyed 
to  the  shaft  of  the  generator.   The  shape  of  the 
wheel  was  designed  to  allow  the  mass  to  be  con- 
centrated over  the  bearing  of  the  generator, 
thus  eliminating  excess  heating.   The  available 
space  for  the  placing  of  the  wheel  was  limited 
by  the  flame  of  the  generator.   It  was  thus  neces- 
sary to  have  it  compact. 

TESTS  WITH  FLY-WHEEL  LOAD 

The  fly-wheel  was  keyed  to  the  shaft  of 
the  generator  and  the  belt  was  slipped  over 
the  pulley,  forming  the  hub  of  the  wheel.   Five 
minute  runs  were  made  with  increments  of  three 


lamps.  Duration  of  run,  amperes,  volts,  gaso- 
line/time, explosions  per  minute,  and  revolu- 
tions per  minute  of  engine  and  generator  were 
noted.   It  was  readily  noticed  that  the  fly- 
wheel caused  explosions  per  minute  to  become 
nearly  constant,  for  each  load  and  it  stead- 
ied the  speed  of  the  engine,  which  transmitted 
through  the  belt  to  the  generator  gave  a  con- 
stant voltage  on  the  line. 

APPROXIMATE  ACTUAL  CARDS 

As  there  was  no  indicator  cock  on  the  en- 
gine it  became  necessary  to  approximate  a  card. 
The  clearanoe  of  the  engine  was  obtained  by  the 
process  described  on  page  3  and  it  was  found  to 
be  .009  cu.  ft.  or  30.5$. 

The  compression  pressure  was  obtained  by 
inserting  an  indicator  cock  in  the  spark-plug 
hole  and  screwing  on  an  indicator.   The  engine 
was  turned  over  by  hand  and  cards  were  taken. 
There  was  very  little  difference  in  the  length 
of  the  lines  under  varying  speeds.   The  average 
length  of  line  was  1-3/8",  and  the  spring  used 
was  40#,  making  a  compression  pressure  of  55#/ 
sq.  in.  gauge. 
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The  expansion  and.  compression  curves  were 
assumed  adiabatic,  allowing  the  use  of  the  fol- 
lowing formula: 

P  ,  (V!)n 
PX   (T  ) 

P^  .  known  pressure  #/sq.  in.  absolute. 

T2  =  known  vol.  in  ou.  ft. 

P  _  desired  pressure. 

V  —  vol.  corresponding,  to  desired  pressure. 

n  =  constant  for  either  compression  or 

expansion. 

CALCULATIONS  FOR 

APPROXIMATE  ACTUAL  CARDS 

P  ,  (V!)n 
Pi   (V  ) 

Compression 
pl  -  56  *  14»7  -  69. 7#  abs. 

▼l  —  «009  cu.  ft. 

n  „  1.35 

P  *  69.7   _  __  -  34. 9#  for  V  =  .015  cu.  ft 
T7BT51  1*36 
(TT5D9") 

P  _  69,7   ,  „   .  23.75  for  V  m   .02  cu.  ft. 
T7E2  J1-35 

Similarly: 

P  -  17.55  for  V  „.  .025  cu.  ft. 
P  =  14  for  V    «.  .02955  cu.  ft. 


Expansion 
Pi  =  175#  abs.  (assumed) 
n  =  1.3 
P  -  175        _  90. 1#  for  V  .  .015  ou.  ft, 

ngi5)i»3 

(730"9) 
Similarly: 

P  =  62#  for  V   -  .02  cu.  ft. 

P  =  46. #  for  V  =  .025  cu.  ft. 

P  =  37. 2#  for  V  =  .02955  cu.  ft. 

The  points  were  plotted  on  the  curve,  page 
The  card  was  integrated  with  a  planimeter. 
Result: 

Initial  pressure  m   175#  abs. 

Area  of  card     —  1.7 

length  of  card   =  2.04 

il.E.P.  m   1.7  -  .833  x  50  „  41. 6#, 

270*4 

I.H.P.  -  41.6  x  10.23x  3.47  x  300 

~~12~  330150" 

«  1.12. 
This  result  was  too  low.   Therefore  an 
initial  pressure  of  220#  abs.  was  assumed. 
PX  m   220#  abs. 
n  =  1.3 


10 


P  =  113. 5#  for  V  =  .015  cu.  ft. 

P  a  78.  #  for  V  =  .02   cu.  ft. 

P  -  58.  #  for  V  -  .025  cu.  ft. 

P  m     47. 2#  for  V  =  .02955  cu.  ft. 

Result: 

Initial  pressure  —  220#  aba. 

Area  of  card     =  2.3 

Length  of  card   =  2.04 

M.E.P.  -  2.3  x  50  =?  56.3#/8q.  in. 

2.04 

I.H.P.  -  56.3  x  10.23  x  3.47x300 

-T2-33OT 

■  1,515. 

This  result  is  also  low  as  the  efficiency 
is  100$  of  B.H.P.  An  initial  pressure  of  250# 
gauge  was  assumed. 

Px  m   250#  abs. 

n  a  1.3 

P  m   129#  for  V  s  .015    cu.  ft. 

P  =  88. 9#  "  V  m   .02     cu.  ft. 

f     a  65. 8#  "  V  .  .025    cu.  ft. 

P  a  53. 5#  "  V  ■  .02955   cu.  ft. 
Result: 

Initial  pressure  —  250#  abs. 
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Area  of  card  —  2.04 

M.S.P.  =  3.03  x  50  =  73.25#  per  sq.in. 

2.04 

I.H.P.       -  73 . 25x10 . 23x3 .47x500 

~I2~"  33000 

=  2«° 

This  is  an  approximate  actual  card,  as  an 

efficiency  of  75/S  of  highest  B.H.P.  is  allowed. 

CALCULATIONS  FOR  EXCESS  EIIBRGY 

B.H.P.  =  Ft.#/min.  x  E.P.M. 
33000  ' 

B.H.P.  x  33000  m   Ft  .#B energy  x  E.P.M. 

*  Ft.#s  energy  —  exoess  energy. 

1.5  =  E  x  E.P.M. 
33000 

E   =  1.5  x  33000  -  165  ft. #8. 
SSO" 

e   as  f  x  165     -  123.5  ft.#s. 

CALCULATIONS  FOR  FLY-WHEEL 

W   =  ge 

tf8. 

W  =  weight  wheel  in  #s. 

V  a  vel.  in  ft. /sec 

e  -s  exce.s  energy  in  ft.#s. 

g  =  ft. /sec.2 

d  —  %   fluctuation; 
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g  a  32.2 

e  m   125.5 

d  m   .01 

V  ss  6.28  x  .5  x  1600  »  83.5  ft. /sec. 

~60~ 

V2^  7000 

W  m   32.2  x  122.5  m   57#. 
751  x  7000" 

From  Fig.  #4,  page  20. 

W  =  G  x  A  x  2rr . 

A  ss  area  in  sq.  in.  of  rim. 

G  =s  distance  center  of  gravity  of  rim  to 

center  of  wheel. 

W  -  6.28  x  6  x  6  x  450  -  59#. 

T728" 
These  two  weights  oheok. 
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CALCULATIONS 

Brake  Load  I 

PAGE  81. 

B.H.P.  a  2rrrn  P 
33000 

r  m   length  arm  in  feet. 

n  —  revolutions  per  minute. 

P  s  load  in  #s. 

Run  I. 

B.H.P.  s  2  x  3.14  x  11  x  600  x  14   1.465 

12  x  33000 

Gasoline  #/H.R.   =2.1 

Gasoline  #B.H.P./Hr  -  2.1  .  1.435 

1.465 

Explosions  per  min.  _  300 

I.H.P.  —  21AE 

330T50" 

Assuming  100$  efficiency; 

1*465  m  P  x  3.47  x  3.14  x  12.8  x  300 
12  x  4  x  33000        " 

M.E.P.-  54.4#/sq.in.  gauge. 
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Electric  load  #3 

Run  I: 

Amp.     =1,4 

Volts    m   105 

K.W.     _  1.4  x  105  =  .147 

E.H.P.   =  .147  x  1.341  s  .197 

Gasoline  #/Hr.         =  1.08 

Gasoline  #/B.H.P./Hr.   =  1.08  -  5.48 

7197*  ' 

Explosions  per  minute   =  146. 

Assuming  100$  efficiency. 

.197  =  P  x  3.47  x  3.14  x  12.8  x  146 
12  x  4  x  33000 

M.E.P.  s,  15.05#/sq.  in.  gauge. 
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FLY-WHEEL  LOAD-  #1. 
Fig.  9,  page  25. 

Run  5: 

Amp.    =  5 

Volts   =  104 

K.W.    =  5  x  104  ■  .520 

E.H.P.   =  .52  x  1.341  =  .696 

Gasoline  #/Hr.       =  1^ 

Gasoline  #/B.H.P./Hr.  -  1.2  „  1.725, 

.696" 

Explosions  per  minute  =  275 

Assuming  100$  efficiency. 

.696  =  P  x  3.47  x  5.14  x  12.8  x  275 
12  x  4  x  33000 

M.E.P.  as  28.3#/sq.in.  gauge. 
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CONCLUSIONS 
After  making  the  series  of  tests,  tabulating 
the  data,  and  plotting  curves,  I  investigated  the 
results  and  arrived  at  the  following  conclusions: 

1.  That  a  small  gasoline  engine,  with  a 
governor  operating  on  the  "hit  or  miss"  principle 
gives  a  flickering  of  the  lights  which  is  tiring 
to  the  eyes. 

2.  That  keying  a  fly-wheel  to  the  shaft  of 
the  generator .steadies  its  speed,  making  a  constant 
voltage,  which  produces  a  bright  light. 

3.  That  the  engine  uses  more  gasoline  in 
#s/Hr.,  with  a  generator  load  without  fly-wheel 
or  with  the  Prony  brake, than  with  the  generator 
and  fly-wheel. 

4.  That  the  minimum  gasoline  consumption 
for  the  Prony  brake  load  is  .953  #s/B.H.P./Hr. 
and  for  the  generator  load,  with  and  without  a 
fly-wheel,  la  2.  #s/B.H.P./Hr. 

5.  That  the  M.E.P.  of  the  engine  with  a 
brake  load  is  54#s/sq.in.,  with  the  generator 
load,  without  the  fly-wheel  42#s/sq.in.,  with  the 
fly-wheel  33#s/sq.in. 

6.  That  the  M.E.P.  varies  inversely  propor- 
tional with  the  B.P.M. 
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Fig.    11. 
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Fig.    14. 
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Fig.    18. 


35 


Pig.    19. 


36 


FIG.    20. 
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Fig.    22. 
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Fig.    83. 
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